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IN RE APPLICATION OF: Mitsuru KATO, et al. 
SERIAL NO: New Application 
FILED: Herewith 
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REQUEST FOR PRIORITY 



COMMISSIONER FOR PATENTS 
ALEXANDRIA, VIRGINIA 22313 

SIR: 



, filed 



, is claimed pursuant to the 



□ Full benefit of the filing date of U.S. Application Serial Number 
provisions of 35 U.S.C. §120. 

□ Full benefit of the filing date(s) of U.S. Provisional Application(s) is claimed pursuant to the provisions of 35 U.S.C. 
§1 19(e): Application No. Date Filed 

H Applicants claim any right to priority from any earlier filed applications to which they may be entitled pursuant to 
the provisions of 35 U.S.C. §119, as noted below. 

In the matter of the above-identified application for patent, notice is hereby given that the applicants claim as priority: 



COUNTRY 

Japan 
Japan 



APPLICATION NUMBER 

2002-226881 
2002-226882 



MONTH/DAY/YEAR 

August 5, 2002 
August 5, 2002 



Certified copies of the corresponding Convention Applications) 
B are submitted herewith 

□ will be submitted prior to payment of the Final Fee 

□ were filed in prior application Serial No. filed 

□ were submitted to the International Bureau in PCT Application Number 

Receipt of the certified copies by the International Bureau in a timely manner under PCT Rule 17. 1(a) has been 
acknowledged as evidenced by the attached PCT/IB/304. 

□ (A) Application Serial No.(s) were filed in prior application Serial No. filed ; and 

□ (B) Application Serial No.(s) 

d are submitted herewith 

□ will be submitted prior to payment of the Final Fee 
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[Designation of Document] Specification 

[Title of the Invention] THERMALLY -GELLABLE EMULSION 

[Claims] 1 

[Claim 1] A thermally- gellable emulsion that essentially 
comprises ( a ) a main resin , ( b ) a polymer obtained through polymerization 
of (e) an ethylenic unsaturated monomer having a structure of a general 
formula (I) and (f ) any other ethylenic unsaturated monomer in a ratio 
by mass, (e)/(f) = 60/40 to 100/0, and (c) a surfactant: 

? 1 



CH 2 =C (i) 
X— (CH 2 CH 2 0^-R 2 



wherein R x represents a hydrogen atom or a methyl group; R 2 is a group 
selected from a hydrogen atom or an alkyl group having from 1 to 18 carbon 
atoms; n indicates an integer of from 2 to 7 . 

[Claim 2] The thermally- gellable emulsion as claimed in claim 
1, which further contains (d) an inorganic metal salt. 

[Claim 3] The thermally- gellable emulsion as claimed in claim 
1 or 2, which contains from 20 to 60 % by mass of the main resin (a), 
from 0.5 to 10 % by mass of the polymer (b) , from 0.5 to 5 % by mass 
of the surfactant (c) and from 0 to 2 % by mass of the inorganic metal 
salt (d) . 

[Claim 4] The thermally -gellable emulsion as claimed in any one 
of claims 1 to 3, of which the gelling time is within 10 minutes when 
the emulsion is kept in a closed condition at 70°C and the viscosity 
increase is at most 50 % when it is left in a closed condition at 40°C 
for 2 weeks . 

[Claim 5] The thermally- gellable emulsion as claimed in any one 
of claims 1 to 4 , wherein the main resin ( a ) contains , in it s resin skeleton , 
from 1 to 10 mmols of a carboxyl group per 100 g of the main resin. 

[Claim 6] The thermally- gellable emulsion as claimed in any one 
of claims 1 to 5, wherein the main resin (a) is an urethane resin and/or 
an urethane-acrylic composite resin. 

[Claim 7] The thermally -gellable emulsion as claimed in any one 
of claims 1 to5, wherein the main resin (a) is an urethane-acrylic composite 
resin obtained through emulsion polymerization of an ethylenic 
unsaturated monomer in the presence of a surfactant-containing 
polyurethane emulsion. 

[Claim 8] The thermally- gellable emulsion as claimed in any one 
of claims 1 to 7, wherein the number of number -average repetitions of 
the oxyethylene unit in the polyoxyethylene chain in the polymer (b) 
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is from 2 to 5. 

[Claim 9] The thermally- gellable emulsion as claimed in any one 
of claims 1 to 8, wherein the aqueous 10 % solution of the polymer (b) 
has a clouding point that falls between 10 and 60°C. 

[Claim 10] The thermally- gellable emulsion as claimed in any one 
of claims 1 to 9, wherein the surfactant (c) is composed of from 30 to 
100 % by mass of a nonionic surfactant (cl) having an HLB value of from 
12 to 18, and from 0 to 70 % by mass of any other surfactant (c2). 
[Detailed Description of the Invention] 
[0001] 

[Technical Field to which the Invention Belongs] 

The present invention relates to a thermally- gellable emulsion 

having good thermal gellability and liquid stability 
[0002] — 
[Prior Art] 

One conventional method for obtaining a thermally- gellable 
emulsion that loses its fluidity to gel when heated and still keeps gelled 

even when cooled-to room temperature comprises adding a thermally- gelling 

agent to a resin emulsion. For the thermally- gelling agent, proposed 
are-nonionic surfactants, inorganic metal salts, their combinations, 
and organosiloxane compounds (JP-A 2-308844, 4-261453, 6-256617, 
6-329867, 7-90154). However, these thermally- gelling agents are 
problematic in that the thermal gellability and the liquid stability 
of the resin emulsion that contain the thermally- gelling agent 
significantly influenced by the type of the main resin in the emulsion, 
and, if specific resins are not used, the thermally- gelling agents could 
not satisfy both the thermal gellability and the liquid stability. In 
particular, no satisfactory thermally- gelling agents have heretofore 
been reported for urethane- acrylic composite resins that have become 
specifically noticed these days because of the synergistic effect of 
urethane resin and acrylic resin constituting them. 
[0003] 

[Means for Solving the Problems] 

To attain the object as above, we, the present inventors have 
assiduously studied and, as a result , have found that the above-mentioned 
object can be attained by a combination of a specific polymer having 
a polyoxyethylene group in the side branches thereof and a surfactant, 
for a thermally- gelling agent. 

[0004] 

Specifically, the invention relates to a thermally- gellable 
emulsion having good thermal gellability and liquid stability. The 
thermally- gellable emulsion of the invention essentially comprises (a) 
a main resin, (b) a polymer obtained through polymerization of (e) an 
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ethylenic unsaturated monomer having a structure of a general formula 
(I) and (f ) any other ethylenic unsaturated monomer in a ratio by mass, 
(e)/(f) = 60/40 to 100/0, and (c) a surfactant: 




(I) 



X— eCH 2 CH 2 CH-R2 



n 



wherein Ri represents a hydrogen atom or a methyl group; R 2 is a group 
selected from a hydrogen atom or an alkyl group having from 1 to 18 carbon 
atoms; n indicates an integer of from 2 to 7. 
[0005] 

[Modes of Carrying out the Invention] 

The invention is described in detail hereinunder. 

The thermally- gellable emulsion of the invention essentially 
comprises ( a ) _a main resin , (b) a polymer obtained through polymerization 
of (e) an ethylenic unsaturated monomer having a structure of a general 
formula (I) and (f) any other ethylenic unsaturated monomer in a ratio 
by mass, (e)/(f) = 60/40 to 100/0, and (c) a surfactant. The 
thermally- gellable emulsion of the invention may further contain (d) 
an inorganic metal salt. 



wherein Ri rep resen ts a hydrogen atom or a methyl group; R 2 is a group 
selected from a hydrogen atom or an alkyl group having from 1 to 18 carbon 
atoms ; n indicates an integer of from 2 to 7 . 



Preferably, the thermally- gellable emulsion contains from 20 to 
60 % by-mas s_of _the main res in, _since_its .thermal gellability and liquid 
stability are especially good . If the main resin concentration is smaller 
than 20 % by mass, the thermal gellability of the emulsion may be poor; 
on the other hand if the main resin concentration is larger than 60 % 
by mass , the liquid stability of the emulsion may be poor and, in addition , 
the emulsion will be difficult to produce. 

Also preferably, the thermally- gellable emulsion contains from 
0.5 to 10 % by mass of the polymer (b) for better thermal gellability 




(I) 




n 



[0006] 
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and liquid stability thereof. More preferably, it contains from 0.6 
to 8 % by mass of the polymer (b) , even more preferably from 0.7 to 6 % 
by mass of the polymer (b) . 

Also preferably, the thermally -gellable emulsion contains from 
0.5 to 5 % by mass of the surfactant (c) for better thermal gellability 
and liquid stability thereof. More preferably, it contains from 0.6 
to 4 % by mass of the surfactant (c) , even more preferably from 0.7 to 
3 % by mass of the surfactant (c). 

The content of the inorganic metal salt (d) in the 
thermally- gellable emulsion is preferably at most 2 % by mass for better 
liquid stability of the emulsion, more preferably at most 1 % by mass, 
even more preferably at most 0.5 % by mass . 
[0007]™ 

In general formula ( I ) that represents a structure of the ethylenic 
unsaturated monomer (e) to form the polymer (b), Ri is indispensably 
a hydrogen atom or a methyl group because the monomer of the type is 
readily polymerizable and is easily available. In this, it is important 

that R 2 is an alkyl group having fromJL_to_.18 carbon_atpms , as the liquid 

stability becomes good. Preferably, the alkyl group has from 1 to 8 
carbon atoms more preferably the alkyl group has from 1 to 4 carbon 
atoms . If the number of carbon atoms to constitute R2 is larger than 
8, then the liquid stability of the emulsion may be poor. In formula 
(I) , n must be an integer of from 2 to 7, preferably on integer of from 
2 to 6 . If n is smaller than 2 , the solubility of the polymer in water 
will be poor and the polymer could hardly form thermally- gellable emulsion ; 
but if n is larger than 7 , the thermal gellability of the emulsion will 
lower . Examples of the monomer of the type are methoxydiethylene glycol 
monomethacrylate (in which the number of oxyethylene units is 2, such 
^as^_ _Shin-Nakamura C hemical Industry's NK Jester _ . M^20G) , 

met^^yy^fttraethylene glycol mo nomethac rylate ( in whi ch the number of 

ox yethylen e u nits is 4, jmch as Shin-N akamura Chemical Industry's NK 
Ester M-40G) , ethoxydiethylene glycol monoacrylate (in which the number 
of oxyethylene units is 2, such as Kyoei-sha Chemical's Light Acrylate 
EC-A) , methoxytriethylene glycol monoacrylate (in which the number of 
oxyethylene units is 3 , such as Kyoei-sha Chemical ' s Light Acrylate MTG- A) . 

_ One-or_more„of _ these may _be _used herein. 

The other ethylenic unsaturatedmonomer-( f ) that is copolymerizable 
with the ethylenic unsaturated monomer (e) having a structure of general 
formula ( I ) may be any known conventional , ethylenic unsaturated monomer . 
For example, it includes ( meth ) acrylic acid derivatives such as methyl 
(meth) acrylate, ethyl (meth) acrylate, butyl (meth) acrylate, 
2-ethylhexyl (meth) acrylate, lauryl (meth) acrylate, cyclohexyl 
( meth ) acrylate , ( meth ) acrylic acid , dime thylaminoe thy 1 ( meth ) acrylate , 



4 



diethylaminoethyl ( meth ) acrylate , 2 -hydroxyethyl ( meth ) acrylate ; 
styrene deriv^ives such "as a-methylstyrene , p-methylstyrene; 
acrylamides i such as (meth)acrylamide, diacetone(meth)acrylamide, 
N-isopropyl(meth)acrylamide; maleic acid, fumaric acid, itaconic acid 
and their derivatives; heterocyclic vinyl compounds such as 
vinylpyrrolidone; vinyl compounds such as vinyl chloride , acrylonitrile, 
methyl vinyl ether, ethyl vinyl ether, vinyl ketone, vinyl acetate; 
a-olefins such as ethylene, propylene; ethylenic unsaturated 
group-having surfactants (e.g. , Daiichi Kogyo Seiyaku's Aquaron KH-05, 
Aquaron KH-10, Asahi Denka Kyogyo's Adeka Reasorp PP-70, Sanyo Kasei 
Kogyo 's Eleminol JS-2); and ethylenic unsaturated monomers (e) having 
a structure of general formula (I) where n is an integer of 1 or 8 or 
more. One or more of these may be used herein. Of those, preferred are 
alkyl (meth)acrylates such as methyl (meth) acrylate, ethyl 
(meth) acrylate, butyl (meth) acrylate, 2-ethylhexyl (meth) acrylate; 
ethylenic unsaturated group-having surfactants; and ethylenic 
unsaturated monomers (e) having a structure of general formula (I) where 

-n_is-an_integer_of_8-or more The_monof unctional- ethylenic .unsaturated 

monomer may be combined with a small amount of a difunctional or more 
polyf unctional ethylenic unsaturated monomer , within a range within which 
the resulting polymer (b) is soluble in water at a temperature not higher 
than the clouding point thereof. 

For controlling the molecular weight of the polymer (b), usable 
in combination is a chain transfer agent such as octanethiol , thioglycerol , 
2-mercaptoethanol, 2-ethylhexyl thioglycolate , a-methylstyrene dimer. 
Preferably, the polymer (b) has a number -average molecular weight of 
from 5 , 000 to 100 , 000 , since its ability to improve the thermal gellability 
of the emulsion is good and since its influence on the liquid viscosity 
of the emulsion is small. 

It is necessary that the polymer (b) is obtained through 
polymerization of (e) the ethylenic unsaturatedmonomer having a structure 
of general formula ( I ) and ( f ) any other ethylenic unsaturated monomer 
in a ratio by mass, (e)/(f ) = 60/40 to 100/0. Preferably, the polymer 
is obtained through polymerization of (e) and (f ) in a ratio by mass, 
(e)/(f ) = 70/30 to 100/0, since it betters the thermal gellability and 
the solution -stability-of—the-emulsion_containing it . -If the ratio of 
the ethylenic unsaturated monomer having a structure of general formula 
(I), (e) is smaller than 60, then it lowers the thermal gellability of 
the emulsion. 
[0008] 

The polymer (b) may be produced in a known method. For example, 
it may be produced through emulsion polymerization or suspension 
polymerization to be effected in the presence of a radical polymerization 
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initiator at a temperature not lower than the clouding point of the polymer 
(b); or through solution polymerization to be effected in an organic 
solvent or in an aqueous solution at a temperature not higher than the 
clouding point of the polymer (b); or through bulk polymerization; or 
through cationic or anionic polymerization to be effected in the presence 
of an ionic polymerization initiator . Of those , the method to be effected 
in the presence of a radical polymerization initiator is especially 
preferred as the polymerization according to the method is easy. 

Any known radical polymerization initiator may be used herein, 
including, for example, oil- soluble peroxides such as benzoyl peroxide, 
dicumyl peroxide, cumene hydroperoxide, t- butyl hydroperoxide; 
oil-soluble azo compounds such as 2 , 2 ' -azobisisobutyronitrile, 
2,2' -azobis - ( 2 , 4 -dime thy lvaleronit rile ) , dimethyl 
2,2 ' - azobisisobutyrate ; — water-soluble — peroxides -~ such — as hydrogen 
peroxide, potassium persulf ate, sodium per sulfate, ammonium persulf ate; 
and water-soluble azo compounds such as azobiscyanovaleric acid, 
2,2' -azobis (2 -ami dinopropane) dihydrochloride . One or more of these 
may-be -used-herein. If desired, the polymerization initiator may be 
combined with a redox initiator system that comprises a reducing agent 
and optionally a chelating agent. 
[0009]" ~ ~ 

Preferably, the number of the number- average repetitions of the 
oxyethylene unit of the polyoxyethylene group in the polymer (b) is from 
2 to 5 , as the thermal gellability and the liquid stability of the emulsion 
can be more readily bettered. More preferably, the number is from 2.1 
to 4.5, even more preferably from 2 . 2 to 4 . 

Al^HP^ef erably ,~ the" clouding point of "an "aqueous 10 % solution 
of the polymer (b) falls between 10 and 60°C since the polymer (b) of 
-the type-more—readily-betters the thermal gellability and the liquid 
-stabi-l-i-ty ^o^t-he-thermal-l-y-gellable emulsion . More preferably , it falls 
between 15 and 55°C, even more preferably between 20 and 50°C. 
[0010] 

Preferably, the surfactant (c) in the invention is composed of 
from 30 to 100 % by mass of a nonionic surfactant (cl) having an HLB 
value of from 12 to 18 and from 0 to 70 % by mass of any other surfactant 
(c2 )-,-since the-sur fact ant ( c) of the type more readily betters the thermal 
gellability and the liquid-stability of the emulsion. More preferably, 
it is composed of from 50 to 90 % by mass of (cl) and from 10 to 50 % 
by mass of (c2) . 

If the HLB of the nonionic surfactant (cl) is lower than 12, the 
liquid stability of the thermally- gellable emulsion will be poor; but 
if higher than 18, the thermal gellability of the emulsion will lower. 

The surfactant for use herein may be any known one, including. 
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for example, nonionic surfactants such as polyoxyethylene lauryl ether, 
polyoxyethylene stearyl ether, polyoxyethylene nonyl phenyl ether, 
polyoxyethylene octyl phenyl ether, polyethylene glycol monolaurate, 
polyethylene glycol monostearate , polyoxyethylene sorbitan monolaurate , 
polyoxyethylene sorbitan monostearate , 

polyoxyethylene -polyoxypropylene block copolymer , 

polyoxyethylene-polysiloxane block copolymer; anionic surf actants such 
as sodium laurylsulf ate, ammonium laurylsulf ate, sodium polyoxyethylene 
tridecyl ether acetate (e.g., Nikko Chemical's ECT-3NEX) , sodium 
polyoxyethylene lauryl ether sulfate, sodium dodecylbenzenesulfonate, 
sodium alkyldiphenyl ether sulfonate, sodium 

di( 2-ethylhexyl)sulfosuccinate; and known penetrants and defoaming 
agents. One or more of these may be used herein. The HLB value of the 

nonionic~surf actant - may be~measured according- to the description in 

Takehiko Fujimoto, Introduction to Surfactants, completely-revised 
edition (published by Sanyo Chemical Industry) , pp. 128-131. In addition, 
it is described in catalogues of surfactants' manuf acturers . 

Examples of— nonionic surf actant-s-having-an-HLB-value-of from 12 

to 18 cure Kao's Emulgen 108 (HLB = 12.1), Emulgen 109P (HLB = 13.6), 

Emulgen-120 (HLB - 15.3) , Emulgen 147 (HLB = 16.3), Emulsion 320P (HLB 

= 13.9) / Jtoeodol TW-L120 (HLB = 16.7), Rheodol TW-S120 (HLB = 14.9), 
Emanon 1112 (HLB = 13.7), Emanon 3115 (HLB = 13.4); Sanyo Chemical 
Industry' sNaroactyN-85 (HLB = 12.6) , Naroacty N- 100 ( HLB = 13.3) , Naroacty 
N-140 (HLB = 14.7), Naroacty N-200 (HLB = 16.0), Naroacty N-400 (HLB 
= 17.8). (The HLB values of these commercial products cure all those 
described in the manuf acturers ' catalogues . ) 
[0011] ~ 

The thermally- gellable emulsion of the invention may further 
-contain-(-d)-an- inorganic metal salt . The inorganic metal salt that may 
be used in— the-emulsion— includes-an-alkali metal salt— such as sodium 

chloride, -sodium sulfate, sodium carbonate , sodium nitrate, potassium 

chloride; and an alkaline earth metal salt such as calcium chloride, 
calcium sulfate, magnesium chloride. One or more of these may be used 
herein . 
[0012] 

The main resin ( a) that constitutes the thermally- gellable emulsion 

of the invention may be any known one, but is particularly preferably 
(al) an urethane resin and/or (a2) an urethane- acrylic composite resin. 
More preferably, it is an urethane -acrylic composite resin (a2). 
[0013] 

The urethane resin (al) usable for the main resin (a) may be any 
known urethane resin, for example, prepared from essential starting 
materials of a polymeric polyol, an organic polyisocyanate and a chain 
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extender . 

The polymeric polyol may be any known one , including , for example , 
polyether polyols such as polyethylene glycol, polypropylene glycol, 
polytetramethylene glycol, poly ( methyl tetramethylene glycol) ; 
polyester polyols such as polybutylene adipate diol, polybutylene 
sebacate diol, polyhexamethylene adipate diol, 

poly ( 3 -methyl -1,5- pentylene adipate ) diol , 

poly( 3-methyl-l , 5-pentylene sebacate) diol, polycaprolactone diol; 
polycarbonate polyols such as polyhexamethylene carbonate diol, 
poly( 3-methyl-l, 5-pentylene carbonate) diol; and polyester carbonate 
polyols. One or more- of these may be used herein. 
[0014] 

The organic polyisocyanate for use in the invention may be any 
ordinary organic polyisocyanate that has heretof ore been used in producing 
ordinary ure thane resins, including, for example, hexamethylene 
diisocyanate , isophorone diisocyanate , 4 , 4 1 -dicyclohexylmethane 
diisocyanate, 2,4-tolylene diisocyanate, 2,6-tolylene diisocyanate, 

4- r 4 i -d-iphenylme thane diisocyanate ,-xylylene-diisocyanate One or more 

of these may be used herein. 
[0015] — . 

The chain extender component for use in the invention may be any 
ordinary one that has heretofore been used in producing ordinary urethane 
resins, but is preferably a low-molecular compound having at least two 
active hydrogen atoms in the molecule capable of reacting with an 
isocyanate group andhaving a molecular weight of at most 300 . For example, 
it includes hydrazine, ethylenediamine , propylenediamine , 
hexamethylenediamine , nonamethylenediamine , xylylenediamine , 

isophoronediamine, piperazine and their derivatives; diamines such as 
— ad-ipie=ae-id-d-ihydrazide— -isophthaliG -aGid d-ihydrazide ; -triamines such 
— as-diethyleneti^iami-ne ^ diols 

_such^_as___ethylene glycol ,___prppylene ^glycol , _ 1 , 4 -butanediol , 

1 , 6 -hexanediol , 1 , 4 - bis ( 0 -hydroxyethoxy ) benzene ,1,4- cyclohexanediol ; 
triols such as trimethylolpropane; pentaols such as pentaerythritol ; 
aminoalcohols such as aminoethyl alcohol, aminopropyl alcohol. One or 
more of these-may.be used-herein.- For _the_ chain extending reaction to 
give the-urethane -resin 7 — the- chain- extender-may be combined with any 
of monoamines such as - ethylaminey propylamine, butylamine; carboxyl 
group-having monoamine compounds such as 4-aminobutanoic acid, 
6-aminohexanoic acid; and mono-ols such as methanol, ethanol, propanol, 
butanol. 
[0016] 

Further, introduction of a carboxyl group into of the urethane 
resin (al) is preferred, for which, for example, used in combination 
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is a carboxyl group-having diol , such as 2 , 2 -bis ( hydroxymethyl ) propionic 
acid, 2 ,2 -bis (hydroxymethyl )butanoic acid or 

2 r 2-bis(hydrbxymethyl) valeric acid, for the starting material for the 
ure thane resin. 
[0017] 

For producing an emulsion of the urethane resin (al) , employable 
with no specific limitation thereon is any known method of emulsif ication 
and dispersion of the urethane resin in water. For example, employable 
is (1) a method of emulsifying and dispersing a hydrophobic 
isocyanate- terminated prepolymer that is obtained from a polymeric polyol 
and an organic poly isocyanate , in water in the presence of an emulsif ier 
at high mechanical shear force, and, at the same time and/or after the 
emulsif ication and dispersion thereof, increasing the molecular weight 

of 'the prepolymer through reaction with achain extender such as polyamine ; 

or (2) a method of self -emulsifying a carboxyl group-having, hydrophilic 
isocyanate- terminated prepolymer in water and, at the same time and/or 
after the self -emulsif ication, increasing the molecular weight of the 
prepo-l-ymer^-through-, react ion-wi-th-a-cha-in-ext ender- such- as polyamine . 

The emulsif ier to be used in these methods may be any one described 

hereinabove for the. surf actant- ( c ) that maybe in the thermally -gellable 

emulsion of the invention. 

To facilitate the emulsif ication and dispersion thereof, the 
isocyanate -terminated prepolymer may be diluted with an organic solvent 
such as acetone, 2-butanone, toluene, ethyl acetate, tetrahydrof uran , 
dimethylf ormamide . Further, a part or all of the chain extender may 
be reacted with the prepolymer before emulsif ication of the urethane 
resin . 
[0018] 

rrThe^ure thane- acrylic composite resin-(-a2r) usable for the main resin 
— (a -)—. is— prepared— f or-example^ — through— emulsion- polymerizat ion-of an 

ethyleniC-unsaturatedmonomer_that_comprises„,_as_the.essential component , 

a (meth) acrylic acid derivative, in the presence of an urethane resin 
emulsion. The polymerization condition for it is not specifically 
defined and may be the same as that for conventional emulsion 
polymerization of ordinary ethylenic unsaturated monomers . In general , 
however t — the - emulsion —polymerization —is — preferably effected -at a 
"temperature falling between 0" and 90°Cin an inert gas atmosphere for 
polymerization stability. The urethane resin emulsion to be used in 
the method may be the same as the emulsion of urethane resin ( al ) mentioned 
hereinabove. Especially preferably, the urethane resin emulsion 
contains from 0 . 5 to 6 g of a surfactant per 100 g of the urethane resin 
therein. In producing the urethane resin emulsion, the polyurethane 
prepolymer may be diluted with an ethylenic unsaturated monomer that 
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comprises, as the essential component, a (meth) acrylic acid derivative 
in place of an organic solvent such as 2-butanone to produce the urethane 
resin emulsion. For the composite resin, preferred is an ethylenic 
unsaturated group-having polyurethane resin, since coarse phase 
separation between the urethane resin and the acrylic resin hardly occurs 
in the composite resin and since the physical properties of leather- like 
sheets fabricated by the use of the composite resin may be much bettered. 
Introduction of an ethylenic unsaturated group into urethane resin can 
be accomplished by using, for example, a hydroxyl group-having ethylenic 
unsaturated monomer, such as 2-hydroxyethyl (meth)acrylate, 
2-hydroxypropyl (meth)acrylate, allyl alcohol, 1:2 adduct of ethylene 
glycol diglycidyl ether and (meth) acrylic acid, or 1:2 adduct of 
1,6-hexanediol diglycidyl ether and (meth) acrylic acid, as the starting 

ma terial^f or urethane -resin . — - . — 

[0019] 

On the other hand, the ethylenic unsaturated monomer which 
comprises, as the essential component, a (meth)acrylic acid derivative 
and which is subjected to _emulsion_polymerization^in„the -presence of 
an urethane resin emulsion may use those mentioned hereinabove for the 
material for producing the polymer (b) . For it, especially preferred 
are those comprising, as the essential component, an alkyl (meth) aery late 
such as methyl (meth)acrylate, ethyl (meth)acrylate, butyl 
(meth)acrylate, 2-ethylhexyl (meth) aery late. Also preferably, the 
resin is copolymerized with a small amount of a polyf unctional ethylenic 
unsaturated monomer, such as 1 , 6-hexanediol di( meth) aery late, 
1 , 9-nonanediol di( meth) aery late, neopentyl glycol di( meth) aery late, 
divinylbenzene or allyl (meth) acrylate, for making the resin have a 
crosslinked structure. 

m ^^p^ym erizati on^initiat^ process may use 

_±ho^sje_mentj^i^ initiator 

to b e use d in prod ucing the polymer (b) . 

In the urethane -acrylic composite resin (a2), the ratio by mass 
of the startingmaterials , urethane resin to ethylenic unsaturatedmonomer 
preferably falls between 90/10 and 10/90, more preferably between 70/30 
and 15/85, even more pref erably between„50/50 and 20/80. 

[0020] _ 

Preferably, themain resin (a) to constitute the thermally- gellable 

emulsion of the invention contains, in the resin skeleton, from 1 to 
10 mmols of a carboxyl group per 100 g of the resin, for better thermal 
gellability and liquid stability of the emulsion. More preferably, the 
carboxyl group content of the resin skeleton is from 1.5 to 9 mmols per 
100 g of the resin, even more preferably from 2 to 8 mmols per 100 g 
of the resin. The carboxyl group in the resin may be neutralized to 
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form a salt. 
[0021] 

Preferably, the gelling time of the thermally- gellable emulsion 
of the invention is within 10 minutes when it is left in a closed condition 
at 70°C, and the viscosity increase in the emulsion is at most 50 % when 
left in a closed condition at 40°C for 2 weeks. The gelling time when 
left in a closed condition at 70°C is determined as follows: 30 g of 
a sample of the emulsion is put into a glass tube (cylindrical tube having 
an inner diameter of 3 cm and a height of 6 cm) and closed up, and this 
is dipped in a hot water bath at 70°C and left. The time which the sample 
thus dipped in hot water has taken before it completely gels to lose 
its fluidity is read, and this is the gelling time of the emulsion. If 

the gelling time of the emulsion kept in a closed condition at 70°C is 
"over 10 minutesythen it means that'the thermal~gellability of the emulsion 
is not good and the use thereof is limited. Preferably, the gelling 
time of the emulsion kept in a closed condition at 70°C is within 9 minutes , 
more preferably within 8 minutes. The gellation by heating means a 

-phenomenon— that— the-emulsion-lose -^^a^£3^A^tY--i^^&v-ea£S±l>lY- m 

[0022] 

The viscosity increase- in -the-emulsion~ left in -a closed condition 

at 40°C for 2 weeks is determined as follows: A sample of the emulsion 
is put into a closed vessel, then kept in a thermostat at 40°C for 2 
weeks, and cooled to room temperature, and the viscosity increase in 
the thus -stored sample is obtained according general formula. If the 
viscosity increase after left in such a closed condition at 40°C for 

2 weeks is over 50 %, then the emulsion will thicken and gel at an elevated 
temperature in summer or the like , and its application and use are thereby 
limited. Preferably, the viscosity increase after left in a closed 
condition^at~40°e^for^2^weeks=is^at-most^40=% —more^pref erably-at— most 

3 0 -%— even-more -pref erably-at— mos t~-2 0 -%-. 

-Viscosity— Increase— (-%) = (viscosity-af-ter-Stored-_-— viscosity before 

stored) /(viscosity before stored) x 100. 
[0023] 

The thermally- gellable emulsion of the invention may further 
- contain~a-crosslinking_agent_f or_the main- resin (a)- -The crosslinking 
agent that— may -be -used -in- the emulsion is a water-soluble or 
water-dispersible compound having , in the molecule, - at least two 
functional groups capable of reacting with the functional group in the 
main resin. Examples of the combination of the functional group in the 
main resin with the functional group in the crosslinking agent are a 
carboxyl group and an oxazoline group ; a carboxyl group and a carbodiimido 
group; a carboxyl group and an epoxy group; a carboxyl group and a 
cyclocarbonate group; a carboxyl group and an aziridine group; a carbonyl 



11 



group and a hydrazido group. Of those, preferred is a combination of 
a main resin having a carboxyl group and a crosslinking agent having 
an oxazoline group or a carbodiimido group, since the pot life of the 
emulsion is good and since the combination is easy to produce. The 
crosslinking agent having an oxazoline group includes , for example , Nippon 
Shokubai's Epocross K-2010E, Epocross K-2020E, andEpocross WS-500. The 
crosslinking agent having a carbodiimido group includes, for example, 
Nisshinbo's Carbodilite E-01, Carbodilite E-02, and Carbodilite V-02. 
The amount of the crosslinking agent that may be in the emulsion is 
preferably at most 20 % by mass in terms of the active ingredient of 
the crosslinking agent and relative to the main resin in the emulsion, 
more preferably at most 15 % by mass, even more preferably at most 10 % 
by mass. 

[0024] ~ — ■= - 

Not interfering with the characteristics of the invention, the 
thermally- gellable emulsion of the invention may suitably contain any 
of thickener, antioxidant, UV absorbent, fluorescent agent, antiseptic, 

water- soluble polymer compound-such as polyvinyl-a-leohol orcarboxymethyl 

cellulose, dye, pigment and others. 

[0025] 

The thermally- gellable Pulsion of the invention has good thermal 
gellability and liquid stability and is stable in processing fibrous 
substrates by dipping them in the emulsion, or in processing paper 
materials, or in producing adhesives and paints , and is therefore extremely 
useful. 
[0026] 

[ Examples ] " 

The invention is described more concretely with reference to the 
following -Examples— which:;— however— are-no t— intended— to— restr-ict-the 

scope-of — the invention-.— In -the -following— Examples-? — the-gel-ling time 

of the sample left in a closed condition at 70°C; the viscosity increase 
in the sample left in a closed condition at 40°C for 2 weeks; and the 
clouding point of the aqueous solution of polymer and evaluated according 
to the methods mentioned below. 
[0027] 

[Gelling time of sample left in closed condition at 70°C] 

30 g of asampleof an - aqueous dispersion- is put into a glass tube 
(cylindrical tube having an inner diameter of 3 cm and a height of 6 
cm) and closed up, and this is dipped in a hot water bath at 70°C and 
left . The time which the sample thus dipped in hot water has taken before 
it completely gels to lose its fluidity is measured in a unit of minute. 
[0028] 

[Viscosity increase in emulsion left in closed condition at 40°C for 
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2 weeks] 

A sample of an emulsion is put into a closed container, and then 
kept in a thermostat at 40°C for 2 weeks. The viscosity of the sample 
before and after kept at 40°C is measured according to JIS-K6828, and 
the viscosity increase in the thus -stored sample is obtained according 
to the following formula: 

Viscosity Increase (%) = (viscosity after stored - viscosity before 

stored) /(viscosity before stored) x 100. 

[0029] 

[Clouding point of aqueous solution of polymer] 

30 g of an aqueous solution of having a concentration of 10 % is 
put into a glass tube (cylindrical tube having an inner diameter of 3 
cm and a height of 6 cm) and closed up, and this is heated from 10°C 
- — at -a- heating rate of— l°G/min^ — The-point-at~which the "aqueous solution 
has become completely cloudy is the clouding point of the aqueous solution . 
[0030] 

The abbreviations of the compounds used in the following Reference 
Exampl.es.,_Examples_and_Comparative„_Examples -are_-shown_in- Table 1 . 
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[0032] 

< <Product ion of ^Polymer ( b j > > 
[Reference Example 1] 

480 g of distilled water was put into a flask equipped with a condenser 
tube, and heated up to 80°C, and then the system was well purged with 
nitrogen. 81.9 g of DEGMA, 37.8 g of TEGMA, 6.30 g of BA and 1.26 g of 
n-octanethiol were added to it, and stirred for 20 minutes, and then an 
aqueous solution of 0.13 g of KPS and 3.8 g of distilled water was added 
thereto and kept at 80°C for 30 minutes. Next, an aqueous solution of 
0.13 g of KPS and 3.8 g of distilled water was added to it, and after 
5 minutes, a mixture of 54.6 g of DEGMA, 25.2 g of TEGMA and 4.20 g of 
BA was dropped into the flask via a dropping funnel over a period of 180 
minutes. After the dropping, an aqueous solution of 0.04 g of KPS and 

1 . 3- g of distilled water was-added to-it 7 -and kept-at-80°G-f or 180-minutes 

to complete the polymerization . A polymer having a polyoxyethylene group 
in its side branches was obtained. (This is hereinafter referred to as 
polymer b<l>.) The clouding point of an aqueous 10 % solution of the 

polymer— was— 35°C . , _ 

[0033] 

[Reference Example 2] 

481 g of distilled water was put into a flask equipped with a condenser 
tube, and heated up to 80°C, and then the system was well purged with 
nitrogen. 94.5 g of DEGMA and 31.5 g of Aquaron KH-05 (Daiichi Kogyo 
Seiyaku's ethylenic unsaturated group-having surfactant) were added to 
it, and stirred for 20 minutes. Then, an aqueous solution of 0.13 g of 
KPS and 3.8 g of distilled water was added to it, and kept at 80°C for 
30 minutes . Next , an aqueous solution of 0 . 13 g of KPS and 3 . 8 g of distilled 
water was added to it, and after 5 minutes, a mixture of 63.0 g of DEGMA 
and 21.0 g of Aquaron KH-05 was dropped into the flask via a dropping 
funnel over a period of 180minutes . After the dropping , an aqueous solution 
of 0.04 g of KPS and 1.3 g of distilled water was added to it, and kept 
at 80°C for 180 minutes to complete the polymerization. A polymer having 
a polyoxyethylene group in its side branches was obtained. (This is 
hereinafter referred to as polymer b< 2 > . ) The clouding point of an aqueous 
10 % solution of the polymer was 24°C. 

[0034] 

[Reference Example 3] 

480 gof distilled water was put into a flask equipped with a condenser 
tube, and heated up to 80°C, and then the system was well purged with 
nitrogen. 107.1 g of DEGMA, 18 . 9 g of PEG(9)MA and 1 .26 g of n-octanethiol 
were added to it, and stirred for 20 minutes, and then an aqueous solution 
of 0.13 g of KPS and 3.8 g of distilled water was added thereto and kept 
at 80°C for 30 minutes. Next, an aqueous solution of 0.13 g of KPS and 
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3.8 g of distilled water was added to it, and after 5 minutes, a mixture 
of 71.4 g of DEGMA and 12.6 g of PEG(9)MA was dropped into the flask via 
a dropping funnel over a period of 180 minutes. After the dropping, an 
aqueous solution of 0.04 g of KPS and 1.3 g of distilled water was added 
to it, and kept at 80°C for 180 minutes to complete the polymerization. 
A polymer having a polyoxyethylene group in its side branches was obtained . 
(This is hereinafter referred to as polymer b<3>.) The clouding point 
of an aqueous 10 % solution of the polymer was 36°C. 
[0035] 

[Reference Example 4] 

4 80 g of distilled water was put into a flask equipped with a condenser 
tube, and heated up to 80°C, and then the system was well purged with 
nitrogen. 94.5 g of TEGMA, 31.5 g of MMA and 1.26 g of n-octanethiol 
were added to it, and stirred for 20 minutes, and then an aqueous solution 
of 0.13 g of KPS and 3.8 g of distilled water was added thereto and kept 
at 80°C for 30 minutes. Next, an aqueous solution of 0.13 g of KPS and 
3.8 g of distilled water was added to it, and after 5 minutes, a mixture 
of 63.0 g-of-TEG4A and 21.0 g of MMA _was dropped into the flask via a 
dropping funnel over a period of 180 minutes. After the dropping, an 
aqueous solution of 0.04 g of KPS and 1.3 g of distilled water was added 
to it, and kept at 80°C for 180 minutes to complete the polymerization. 
A polymer having a polyoxyethylene group in its side branches was obtained. 
(This is hereinafter referred to as polymer b<4>.) The clouding point 
of an aqueous 10 % solution of the polymer was 44°C. 
[0036] 

[Reference Example 5] 

360 g of 2-butanone was put into a flask equipped with a condenser 

tube, and heated up to 70°C, and then the system was well purged with 
nitrogen. 72.0 g. of TEGMA, 72.0 g of DEGMA and 1.20 g of 1-thioglycerol 
were added to it, and stirred for 20 minutes. Then, a solution of 0.36 
g of V-601 and 18 g of 2-butanone was added thereto, and after 5 minutes, 
a mixture of 48.0 g of "TEGMA and~48. 0 g of DEGMA was dropped into the 
flask via a dropping funnel over a period of 240 minutes . After the dropping , 
this was kept at 70°C for 240 minutes to complete the polymerization. 
A polymer having a polyoxyethylene group in its side branches was obtained. 
(This is hereinafter referred to as polymer b<5>. ) The clouding point 
of an aqueous ~10 % solution, of the polymer was 43°C. 
[0037] 

[Reference Example 6] 

360 g of 2-butanone was put into a flask equipped with a condenser 
tube, and heated up to 70°C, and then the system was well purged with 
nitrogen. 43.2 g of DEGMA, 100.8 g of PEG(9)MA and 1 .20 g of 1-thioglycerol 
were added to it, and stirred for 20 minutes. Then, a solution of 0.36 
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g of V-601 and 18 g of 2-butanone was added thereto, and after 5 minutes, 
a mixture of 28.8 g of DEGMA and 67.2 g of PEG(9)MA was dropped into the 
flask via a dropping funnel over a period of 240 minutes . After the dropping , 
this was kept at 70 6 C for 240 minutes to complete the polymerization. 
A polymer having a polyoxyethylene group in its side branches was obtained . 
(This is hereinafter referred to as polymer b<6>. ) The clouding point 
of an aqueous 10 % solution of the polymer was 75°C. 
[0038] 

<<Production of Aqueous Dispersion of Main Resin (a)>> 
Urethane Resin Emulsion <1> 
[Reference Example 7] 

200 g of polytetramethylene glycol having a number- average 
molecular weight of 2000 , 100 g of polyhexamethylene carbonate diol having 
-a number ^average molecular-weight of 2000 , 3 . 71 gof 2 , 2-dimethylolbutanoic 
acid and 55.4 g of 2,4-tolylene diisocyanate were put into a flask, and 
stirred in a dry nitrogen atmosphere at 90°C for 2 hours so that the hydroxyl 
group in the system was quantitatively reacted to give an 
i socyanat e - 1 erminat ed prepolymer. 186 g of 2-butanone was added to it 
and uniformly stirred, and then the temperature inside the f laskwas lowered 
to 40°C. With that, 2.5 g of triethylamine was added to it and stirred 
for -10 -minutes Next?— an aqueous- solution- prepared by dissolving 11 . 4 
g of EM120 and 3.8 g of ECT in 290 g of distilled water, which serves 
as an emulsifier (surfactant), was added to the prepolymer and stirred 
and emulsified for 1 minute by the use of a homomixer. Immediately, an 
aqueous solution prepared by dissolving 12.8 g of piperazine 6-hydrate 
and 4.5 g of diethylenetriamine in 153 g of distilled water was added 
to the emulsion, and-this was further stirred for _1 minute by the use 
of a homomixer for chain extension. After it, 2-butanone was removed 
from the reaction system via a rotary evaporator, and an aqueous urethane 
resin dispersion having a resin concentration of 45 % by mass ( this contains 
main resin (a) + surf actant (c) ) was obtained. (This is hereinafter 
ref erred to~as~PU emu-l-sion-<l>— ) When under the condition kept at 70°C, 
this emulsion did not thermally gel. The viscosity increase in this after 
kept at 40°C for 2 weeks was 1 %. 
[0039] 

Urethane Resin Emulsion <2> 
[Reference Example 8] 

300 g of polytetramethylene glycol having a number- average 
molecular weight of 2000, 19.56 gof 2 , 2-dimethylolbutanoic acid and 101 . 7 
g of isophorone diisocyanate were put into a flask, and stirred in a dry 
nitrogen atmosphere at 90°C for 3 hours so that the hydroxyl group in 
the system was quantitatively reacted to give an isoc^anate-terminated 
prepolymer. 223 g of 2-butanone was added to it and uniformly stirred. 
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and then the temperature inside the flask was lowered to 40°C. With that , 
13 . 0 g of triethylamine was added to it and stirred for 20 minutes . Next, 
408 g of distilled water alone with no surfactant (emulsifier) therein 
was added to the prepolymer and stirred to emulsify the prepolymer . Then , 
an aqueous solution prepared by dissolving 15.7 gof piperazine 6 -hydrate 
and 5.6 g of diethylenetriamine in 243 g of distilled water was added 
to the emulsion for chain extension. After it, 2-butanone was removed 
from the reaction system via a rotary evaporator, and an aqueous urethane 
resin emulsion having a resin concentration of 40 % by mass (this contains 
main resin (a)) was obtained. (This is hereinafter referred to as PU 
emulsion <2> . ) When -under^ the condition kept at 70°C, this emulsion did 
not thermally gel. The viscosity increase in this after kept at 40°C 
for 2 weeks was 3 %. 

[0040] ^-^r ^ 

Urethane -Acrylic Composite Resin Emulsion: 
[Reference Example 9] 

(1) Composition of aqueous urethane resin dispersion: 

200 g of polytetramethylene glycol^ having a number -average 

molecular weight of 2000, lOOgof polyhexamethylene carbonate diol having 
anumber-average molecular weight of 2000 , 8 . 44 g of 2 ,2 -dimethylolbutanoic 
acid and 61.9 g of 2,4-tolylene diisocyanate were put into a flask, and 
stirred in a dry nitrogen atmosphere at 90°C for 2 hours so that the hydroxyl 
group in the system was quantitatively reacted to give an 
isocyanate- terminated prepolymer. 193 g of 2-butanone was added to it 
and uniformly stirred, and then the temperature inside the flask was lowered 
to 40°C. With that, 5.6 g of triethylamine was added to it and stirred 

for -10-minutes Next ,— an~aqueous_solution_prepared-by- dissolving 3 . 9 

g of sodium laurylsulf ate and 3.9 g of ECT in 424 g of distilled water, 
which serves as an surfactant (emulsifier) , was added to the prepolymer 
and stirred and emulsified for 1 minute by the use of a homomixer. 
Immediately, an aqueous— solution prepared—by dissolving 13.3 g of 
piperazine 6 -hydrate and 4 7~g of diethylenetr-iamine-in-281-g of distilled 
water was added to the emulsion, and this was further stirred for 1 minute 
by the use of a homomixer for chain extension. After it, 2-butanone was 
removed from the reaction system via a rotary evaporator, and an aqueous 
urethane resin dispersion having a resin concentration of 35 % by mass 
was obtained. 

(2) Acrylic composite formation: 

514 g of the aqueous urethane resin dispersion obtained in above 
( 1 ) , 0 . 008 g of ferrous sulfate 7 -hydrate , 0 . 63 g of potassium pyrophosphate , 
0.97 g of Rongalit (formaldehyde sodium sulfoxylate 2 -hydrate ) , 0.021 
g of disodium ethylenediaminetetraacetate and 249 g of distilled water 
were put into a flask equipped with a condenser tube, and heated up to 
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40°C f and the system was well purged with nitrogen. Next, a mixture of 
349.2 g of BA, 7.2 g of HDDA, 3.6 g of ALMA and 1.08 g of ECT, and an 
emulsion o£ 0.65 g of cumene hydroperoxide, 0.32 g of ECT and 13 g of 
distilled water were separately dropped into the flask via different 
dropping funnels over a period of 270 minutes. After the dropping, this 
was kept at 40°C for 30 minutes. Next, a mixture of 58.8 g of MMA, 1.2 
g of HDDA and 0 . 18 g of ECT , and an emulsion of 0 . 12 g of cumeme hydroperoxide , 
0.06 g of ECT and 2.4 g of distilled water were separately dropped into 
the flask via different dropping funnels over a period of 60 minutes. 
After the dropping, this was kept at 40°C for 60 minutes to complete the 
polymerization, and an aqueous urethane- acrylic composite resin 
dispersion having a solid resin concentration of 50 % by mass ( this contains 
main resin (a) + surfactant (c)) was obtained. When under the condition 
~Kept~atr7 0°C7"this eniul"S±on-did not thermally gel .- The viscosity-increase 
in this after kept at 40°C for 2 weeks was 2 %. 
[0041] 
[Example 1] 

- - An aqueous- solution prepared by dissolving 3 parts of the polymer 
b<l> produced in Reference Example 1 in 7 parts of distilled water was 
added to 100 parts of the PU emulsion <1> produced in Reference Example 
7 to obtain~an : aqueous r dispersion having an urethane resin concentration 
of 41 % by mass. The thermal gelling time of this aqueous dispersion 
under the condition kept at 70°C was 7 minutes; and the viscosity increase 
in the dispersion kept at 40°C for 2 weeks was 9 %. 
[0042] 
[Example 2] 

- An "aqueous solution prepared by dissolving 2 parts of the polymer 

b<l> produced in Reference Example 1 and 1 part of a surfactant, EM120 
in 8 parts of distilled water was added to 100 parts of the urethane -acrylic 
composite resin emulsion produced in Reference Example 9 to obtain an 
emulsion having an urethane -acrylic composite resin concentration of 45 % 
loy massT Th^thermal gelling~time~of "this emulsion under the condition 
kept at 70°C was 4 minutes; and the viscosity increase in the emulsion 
kept at 40°C for 2 weeks was 4 %. 
[0043] 
[Example 3] 

An aqueous solution prepared by dissolving 1 . 5 parts of the polymer 
b<2> produced in Reference Example 2 and 3 parts of a surfactant, EM109P 
in 21 parts of distilled water was added to 100 parts of the urethane- acrylic 
composite resin emulsion produced in Reference Example 9 to obtain an 
emulsion having an urethane -acrylic composite resin concentration of 40 % 
by mass. The thermal gelling time of this emulsion under the condition 
kept at 70°C was 7 minutes; and the viscosity increase in the dispersion 
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kept at 40°C for 2 weeks was 3 %. 

[0044] 

[Example 4] 

An aqueous solution prepared by dissolving 3 parts of the polymer 
b<3> produced in Reference Example 3 and 1 part of a surfactant, EM147 
in 7 parts of distilled water was added to 100 parts of the ur e thane -aery lie 
composite resin emulsion produced in Reference Example 9 to obtain an 
emulsion having an urethane- acrylic composite resin concentration of 45 % 
by mass. The thermal gelling time of this emulsion under the condition 
kept at 70°C was 5 minutes; and the viscosity increase in the dispersion 
kept at 40°C for 2 weeks was 7 %. 
[0045] 
[Example 5] 

An aqueous solution prepared by dissolving 4 parts of the polymer 
b<4> produced in Reference Example 4 and 0.1 parts of an inorganic metal 
salt, sodium sulfate in 7 parts of distilled water was added to 100 parts 
of the urethane -acrylic composite resin emulsion produced in Reference 
Example 9 to obtain an emulsion having an urethane -acrylic composite resin 
concentration of 45 % by mass. The thermal gelling time of this emulsion 
under the condition kept at 70°C was 5 minutes; and the" viscosity increase 
in the emulsion kept lit ~40°C~ f or 2 weeks was' 9 % . 
[0046] 
[Example 6] 

An aqueous solution prepared by dissolving 5 parts of the polymer 
b<5> produced in Reference Example 5 and 0.2 parts of an inorganic metal 
salt, calcium chloride in 13 parts of distilled water was added to 100 
parts~of the""PU~emulsion™<l~>- produced- in- Reference Example 7 to obtain 
an aqueous dispersion having an urethane resin concentration of 38 % by 
mass. The thermal gelling time of this aqueous dispersion under the 
condition kept at 70°C was 6 minutes; and the viscosity increase in the 
dispersion kept at 40°C for 2 weeks was 12 %. 
[0047] ~ 
[Comparative Example 1] 

An aqueous solution prepared by dissolving 2 parts of the polymer 
b<6> produced in Reference Example 6 and 1 part of a surfactant, EM120 
"in 8 parts of distilled water was added to 100 parts of the urethane -acrylic 
composite resin emulsion produced in Reference Example 9 to obtain an 
emulsion having an urethane -acrylic composite resin concentration of 45 % 
by mass . The emulsion did not thermally gel under the condition kept 
at 70°C; and the viscosity increase in the emulsion kept at 40°C for 2 
weeks was 2 %. 
[0048] 

[Comparative Example 2] 
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An aqueous solution prepared by dissolving 4 parts of a surfactant , 
EM109 and 1 part of an inorganic metal salt, calcium chloride in 14 parts 
of distilled water was added to 100 parts of the ure thane- acrylic composite 
resin emulsion produced in Reference Example 9 to obtain an emulsion having 
an ure thane -acrylic composite resin concentration of 42 % by mass. The 
thermal gelling time of this emulsion under the condition kept at 70°C 
was 4 minutes; and after kept at 40°C for 3 days, the emulsion completely 
gelled. 
[0049] 

[Comparative Example 3] 

An aqueous solution prepared by dissolving 3 parts of a 
polysiloxane-type thermally- gelling agent (GE Toshiba Silicone's 
TPA-4380, having an active ingredient of 33 %) and 1 part of EM120 in 

7 pants of distilled water-was added-to 100 parts of the urethane- acrylic 
composite resin emulsion produced in Reference Example 9 to obtain an 
emulsion having an urethane- acrylic composite resin concentration of 45 % 
by mass . The thermal gelling time of this emulsion under the condition 

kept_atJ7_0^Cjwajs3-m days, the emulsion 

completely gelled. 

[0050] 

[Comparative Example 4] 

An aqueous solution prepared by dissolving 2 parts of the polymer 
b<l> produced in Reference Example 1 in 12 parts of distilled water was 
added to 100 parts of the PU emulsion <2> produced in Reference Example 

8 to obtain an emulsion having an urethane resin concentration of 35 % 
by mass but not containing a surfactant at all. The emulsion did not 
thermal-ly-gel-under^ the condition kept at-7-0-G ; and the viscosity increase 
in the emulsion kept at 40°C for 2 weeks was 5 %. 

[0051] 

[Advantages of the Invention] 

-The invention provides a thermally -gellable emulsion having good 
thermal- geliability and liquid stability. — — 
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[Designation of Document] Abstract 
[Abstract] 

[Problem] To provide a thermally- gellable emulsion having good thermal 
gellability and liquid stability. 

[Means for Resolution] A thermally- gellable emulsion that essentially 
comprises (a) amain resin, (b) a polymer obtained through polymerization 
of (e) an ethylenic unsaturated monomer having a structure of a general 
formula (I) and (f ) any other ethylenic unsaturated monomer in a ratio 
by mass, (e)/(f) = 60/40 to 100/0, and (c) a surfactant: 

J* 

CH 2 — C (i) 
X— (cH 2 CH 2 o j^R2 

wherein R x represents a hydrogen atom or a methyl group; R 2 is a group 
selected from a hydrogen atom or an alkyl group having from 1 to 18 carbon 
atoms; n indicates an integer of from 2 to 7. 
-[-Drawing Selected] None 



